The purpose of this study was to investigate the expression of S100A12 on the surface of circulating endothelial cells (CECs) in children with Kawasaki disease (KD) and the correlations between S100A12 and coronary artery lesions (CALs). The ratio of CECs to mononuclear cells (CECs/MNC), the positive rate of S100A12 on CECs surface (CECs-S100A12/CECs), and the fluorescence intensity of S100A12 on CECs surface (FI-S100A12-CECs) were evaluated respectively in 42 patients with acute stage (A-KD), subacute stage (SA-KD) and convalescent stage KD (C-KD). The CECs/MNC ratio increased significantly in patients with A-KD and SA-KD with CALs. The CECs-S100A12/CECs rate and FI-S100A12-CECs level were significantly higher in patients with KD than in the controls. The FI-S100A12-CECs level decreased to near half levels in patients with SA-KD and C-KD without CALs, but increased continuously in patients with SA-KD with CALs. The CECs/MNC ratio and FI-S100A12-CECs level in patients with SA-KD with CALs were significantly higher than in patients with SA-KD without CALs. The FI-S100A12-CECs level was significantly higher in patients with C-KD with CALs than in C-KD without CALs. The S100A12 expression on the CECs surface increased significantly in patients with KD and persisted for a longer time in patients with CALs, suggesting that the S100A12 expression on CECs may be involved in the development of CALs. (Pediatr Res 68: 165-168, 2010) K awasaki disease (KD), an acute febrile disease that usually occurs in children under 5 years of age (1), has become the primary cause of acquired heart disease in children (2) (3). KD affects predominantly small and mediumsized arteries, particularly the coronary artery (4), with potential risks for coronary stenosis and thrombosis caused by coronary artery lesions (CALs), and even death caused by myocardial infarction (5) (6). The CALs can be found in ϳ10 -15% of children with KD (7). Although the treatment with i.v. immunoglobulin (IVIG) for patients with acute stage KD (A-KD) can reduce the duration of fever and the incidence of CALs, ϳ10% of children with KD do not respond to IVIG treatment with higher risk for CALs (8) (9). The cause and mechanisms of CALs development remain unclear (10).
K awasaki disease (KD), an acute febrile disease that usually occurs in children under 5 years of age (1), has become the primary cause of acquired heart disease in children (2) (3). KD affects predominantly small and mediumsized arteries, particularly the coronary artery (4), with potential risks for coronary stenosis and thrombosis caused by coronary artery lesions (CALs), and even death caused by myocardial infarction (5) (6) . The CALs can be found in ϳ10 -15% of children with KD (7) . Although the treatment with i.v. immunoglobulin (IVIG) for patients with acute stage KD (A-KD) can reduce the duration of fever and the incidence of CALs, ϳ10% of children with KD do not respond to IVIG treatment with higher risk for CALs (8) (9) . The cause and mechanisms of CALs development remain unclear (10) .
Endothelial damage is the basic pathologic process in the development of many diseases. Circulating endothelial cells (CECs) is a new sensitive indicator for studying vascular endothelial function in vivo. It was first proposed by Bouvier in the 1970s that CECs might be regarded as an indicator of vascular injury. Some data have shown that the quantitative changes of CECs could help to evaluate the health status of endothelial cells and to assess the cardiovascular risk (11) . CALs caused by KD are closely related to the function of coronary artery endothelial cells, and the CEC level increases significantly in the blood of patients with acute KD (12) . S100A12 expresses normally in neutrophils, whereas low in lymphocytes and monocytes. The extracellular S100A12 protein may activate many signal transduction pathways, including phospholipase C (PLC), protein kinase C (PKC), calmodulin kinase II, and mitogen activated protein kinase (13) (14) . Many studies showed that S100A12 protein has a close relation with KD. Ebihara et al. (15) examined the expression levels of S100A12 protein genes in leukocyte by quantitative real-time PCR in the patients with acute and convalescent stage KD (C-KD). Significantly elevated expression of S100A12 genes was observed in patients with A-KD. Foell et al. (16) found that the S100A12 protein expression increased significantly in the serum of patients with A-KD, but decreased quickly in response to IVIG therapy, indicating S100A12 may be used as a markers of the activity of KD. It was found that S100A12 is actively secreted by neutrophils in patients with active KD by flow cytometry analysis in peripheral blood (17) . The correlation between S100A12 protein expression and KD remains unclear, and the role of S100A12 in KD has not yet been fully defined.
There has been no report on the expression of S100A12 protein on the CECs surface in patient with KD. To make sure whether there is relationship between KD and S100A12 protein on the CECs surface, we investigated the ratio of CECs to mononuclear cells (CECs/MNC), the positive rate of S100A12 on the CECs surface (CECs-S100A12/CECs), and the fluorescence intensity of S100A12 on the CECs surface (FI-S100A12-CECs) by MAb combined with flow cytometry in KD children with or without CALs in acute, sub-acute, and convalescent stages. All the patients were treated with IVIG at 1 g/kg/d for 2 d and oral aspirin at 30 -50 mg/kg/d. After 3-5 d of treatment when the patients' temperature returned to normal, the dose of aspirin was reduced to 3-5 mg/kg/d for 12 wk. There were six IVIG-resistant patients with KD whose temperature was still higher than 38°C after 48 h of standard treatment, then they were continued with IVIG at 1 g/kg/d for another 2 d. All the patients with KD fulfilled the diagnostic criteria established by the MCLS research committee of Japan (2002) (18) .
MATERIALS AND METHODS
Ten patients (6 boys and 4 girls), aged 6 to 112 mo (30.2 Ϯ 22.4 mo), were found with CALs by echocardiography during the disease process. Coronary artery lesion (CAL) was defined as the internal lumen diameter Ͼ2.5 mm in children Ͻ3 y of age, Ͼ3 mm in children 3-9 y of age, Ͼ3.5 mm in children 9 -14 y of age; the internal diameter of a segment measured Ն1.5 times that of an adjacent segment; and the lumen was clearly irregular.
The disease process duration between 4 -10 d, 11-21 d, and 22-60 d was defined as A-KD, SA-KD, and C-KD, respectively.
Sixty healthy children (38 boys and 22 girls), aged 4 -120 mo (33.4 Ϯ 21.8 mo), were enrolled in the control group.
Blood samples. Two milliliters of venous blood samples were collected in patients with A-KD before IVIG treatment, patients with SA-KD, patients with C-KD, and healthy children and anticoagulated with 1:10 heparin. Anticoagulated blood samples were kept at 4°C and analyzed by flow cytometry within 2 h from venesection. The samples were divided into two tubes (each with 100 L): one tube was used for testing by adding 10 L polyclonal goat anti-human S100A12 antibody (R&D systems), and the other was used as control by adding goat IgG1. After 30 min, both tubes were washed once using PBS, then incubated with FITC-labeled rabbit anti-goat IgG (USA, Southern Biotech) for 30 min. After washing twice with PBS and removing the supernatant, the control tube was stained with 5 L CD45-PerCP MoAb (CD45 MAb was conjugated with PERidinin-chlorophyll-␣-protein, USA Bcton Dickinson) and mouse IgG1-PE, whereas the testing tube was stained with 5 L CD45-PerCP MoAb and 5 L CD146-PE MoAb (CD146 MAb was conjugated with R-phycoerythrin, USA Bcton Dickinson). Incubated at 4°C for 20 min, the two tubes were added with 400 L hemolytic agent (FACSTM, USA Bcton Dickinson) for 10 min, and centrifuged at 1000 rpm for 10 min. Finally, the two tubes were added with 500 L PBS and mixed well to be detected after removal of the supernatant.
Flow cytometry. The samples in both tubes were evaluated by flow cytometry (FACS Calibur, USA Bcton Dickinson). Flow cytometry data were analyzed with CellQuest software. A multistep manual technique was used to detect and quantify the CECs and S100A12 on CECs surface. One hundred thousand cells were detected including MNC (lymphocytes, monocytes, and CECs) and polymorphonuclear leukocytes, and data were kept in the computer. Excitation light sources were 488 nm for FITC, PE, and PerCP.
Gating and quantification of CECs and S100A12 on CECs surface. The first step was to screen MNC (R1) (Fig. 1A) , and the second step was to screen CECs (Fig. 1B) . CECs were identified if the cells were CD146ϩCD45-cells (19) . A region (R2) of CD146ϩCD45-cells with known light scatter properties was labeled CECs. The third step was to verify the CECs again (R3) (Fig.  1C) and to calculate the ratio of CECs to MNC (CECs/MNC). The last step was to measure the positive rate of S100A12 on CECs surface (CECs-S100A12/CECs) and the fluorescence intensity of S100A12 on CECs surface (FI-S100A12-CECs) (Fig. 1D) .
Statistical analysis. Analysis of the difference between the groups of patients was accomplished using ANOVA followed by LSD multiple comparison for normal data, whereas Mann-Whitney test was applied to analyze nonparametric data. The difference was considered significant with a p value Ͻ0.05. The results were expressed as mean Ϯ SD. All analysis was implemented in SPSS 16.0 software.
RESULTS
CECs/MNC, CECs-S100A12/CECs, and FI-S100A12-CECs levels in children with KD. The CECs/MNC ratio was significantly (p Ͻ 0.05) higher in patients with A-KD and SA-KD than in controls, and decreased to near normal levels in patients with C-KD. The CECs-S100A12/CECs rate and FI-S100A12-CECs levels were significantly (p Ͻ 0.05) higher in patients with A-KD, SA-KD, and C-KD than in controls. The CECs-S100A12/CECs rate did not decrease significantly in patients with SA-KD and C-KD. Although the FI-S100A12-CECs level decreased significantly in patients with C-KD, it was still higher than the level in controls (Table 1) .
CECs/MNC, CECs-S100A12/CECs, and FI-S100A12-CECs levels in KD without CALs. The CECs/MNC ratio was significantly (p Ͻ 0.05) higher in patients with A-KD without CALs than in controls, and decreased to near normal levels in patients with SA-KD and C-KD. The CECs-S100A12/CECs rate and FI-S100A12-CECs levels were significantly (p Ͻ 0.05) higher in patients with A-KD, SA-KD, and C-KD without CALs than in controls. The CECs-S100A12/CECs levels did not decrease significantly in patients with SA-KD and C-KD without CALs. The FI-S100A12-CECs levels decreased significantly in patients with SA-KD and C-KD with- CECs/MNC, the ratio of circulating endothelial cells to mononuclear cells; CECs-S100A12/CECs, the positive rate of S100A12 on the surface of circulating endothelial cells; FI-S100A12-CECs, the fluorescence intensity of S100A12 on the surface of circulating endothelial cells.
out CALs but were still higher than the level in controls (Table 2) .
CECs/MNC, CECs-S100A12/CECs, and FI-S100A12-CECs levels in KD with CALs. The CECs/MNC ratio was significantly (p Ͻ 0.05) higher in patients with A-KD and SA-KD with CALs than in controls, and decreased to near normal levels in patients with C-KD. The CECs-S100A12/ CECs rate and FI-S100A12-CECs levels were significantly (p Ͻ 0.05) higher in patients with A-KD, SA-KD, and C-KD with CALs than in controls. The CECs-S100A12/CECs rate did not decrease significantly in patients with SA-KD and C-KD with CALs. The FI-S100A12-CECs level increased significantly in patients with SA-KD with CALs, and decreased significantly in patients with C-KD, but it was still higher in patients with C-KD with CALs than in controls (Table 3) .
The comparison of CECs/MNC, CECs-S100A12/CECs, and FI-S100A12-CECs levels in KD with and without CALs. The CECs/MNC, CECs-S100A12/CECs, and FI-S100A12-CECs levels had no difference in patients with A-KD with or without CALs. The CECs/MNC ratio and FI-S100A12-CECs levels in patients with SA-KD with CALs were significantly (p Ͻ 0.05) higher than those in patients with SA-KD without CALs. The CECs-S100A12/CECs level showed no difference in patients with SA-KD with or without CALs. Although the CECs/MNC ratio and CECs-S100A12/CECs rate had no difference in patients with C-KD with or without CALs, the FI-S100A12-CECs level was significantly (p Ͻ 0.05) higher in patients with C-KD with CALs than in C-KD without CALs (Fig. 2) .
DISCUSSION
In this study, it was found that the CECs/MNC ratio increased significantly in patients with A-KD and decreased to near normal levels in patients with SA-KD without CALs after IVIG therapy, but it remained at high levels in patients with SA-KD with CALs after IVIG therapy and decreased to near normal levels in patients with C-KD. These findings suggest that the detachment of vascular endothelial cells increases significantly in patients with A-KD, and continues for a longer time in patients with KD with CALs. Nakatani et al. (12) found that the amount of CECs in patients with SA-KD was significantly higher than that in patients with C-KD and healthy controls, respectively, similar to that in patients with A-KD. It was not completely consistent with the results in our study, which may be due to the different timing of blood collection or case groups. This study reveals that the increasing of CECs in peripheral blood reflects lesion of vascular endothelial cells in patients with KD.
The study found that the CECs-S100A12/CECs rate increased significantly in patients with KD with or without CALs, and Figure 2 . Diagram of CECs/MNC, CECs-S100A12/CECs and FI-S100A12-CECs levels in Kawasaki disease with or without coronary artery lesions. A, CECs/MNC levels; B, CECs-S100A12/CECs levels; C, FI-S100A12-CECs levels. CECs/MNC, the ratio of circulating endothelial cells to MNC; CECs-S100A12/CECs, the positive rate of S100A12 on circulating endothelial cells surface; FI-S100A12-CECs, the fluorescence intensity of S100A12 on circulating endothelial cells surface; F, KD without CALs; f, KD with CALs; OE, Control. CECs/MNC, the ratio of circulating endothelial cells to mononuclear cells; CECs-S100A12/CECs, the positive rate of S100A12 on the surface of circulating endothelial cells; FI-S100A12-CECs, the fluorescence intensity of S100A12 on the surface of circulating endothelial cells. CECs/MNC, the ratio of circulating endothelial cells to mononuclear cells; CECs-S100A12/CECs, the positive rate of S100A12 on the surface of circulating endothelial cells; FI-S100A12-CECs, the fluorescence intensity of S100A12 on the surface of circulating endothelial cells.
Table 3. CECs/MNC, CECs-S100A12/CECs, and FI-S100A12-CECs in patients with KD with CALs
decreased slowly in patients with SA-KD and C-KD, but it was still significantly higher in patients with C-KD than in controls. Although the CECs/MNC ratio decreased to near normal levels in patients with SA-KD without CALs and in patients with C-KD with CALs, the CECs-S100A12/CECs rate remained high in patients with SA-KD and C-KD, without significant decrease compared with that in patients with A-KD. The FI-S100A12-CECs increased significantly in patients with A-KD, and decreased to near half levels in patients with SA-KD and C-KD without CALs, but it was still significantly higher in patients with C-KD than in controls. The FI-S100A12-CECs level increased continuously in patients with SA-KD with CALs and decreased in patients with C-KD, but it was still significantly higher in patients with C-KD than in controls. Ebihara et al. (15) found that the level of S100A12 protein in the peripheral blood of patients with A-KD was significantly higher than that in patients with SA-KD, C-KD and healthy controls, respectively, which suggests that the vascular endothelial cells and S100A12 protein participate in the development of KD, but the mechanism is still unclear. This study indicates that the S100A12 expression on the CECs surface increased significantly in patients with KD and persisted for a longer time in patients with CALs, suggesting that the S100A12 expression on CECs may be involved in the development of CALs.
This study showed that the CECs/MNC rate decreased to near normal levels in patients with SA-KD without CALs after IVIG therapy, which confirms that IVIG therapy can reduce the CECs to normal levels probably by inhibiting inflammatory factors attacking the vascular endothelium and reducing the detachment of vascular endothelial cells. Ichivama et al. (20) demonstrated that IVIG could inhibit NF-B activation in coronary artery endothelial cells by regulating IL-6 production and E-selecting expression, although the mechanism by which IVIG prevents CALs is still unknown. In patients with KD with CALs, the CECs/MNC rate kept at high levels in the SA-KD group after IVIG therapy, and decreased to near normal levels in the C-KD, these results suggesting that some patients are IVIG-resistant and the detachment of vascular endothelial cells may continue for a longer time.
The level of CECs decreased obviously in patients with SA-KD without CALs or C-KD patients with CALs, whereas the level of S100A12 protein on CECs did not reduce in patients with SA-KD and C-KD, which suggests that there may be continuous inflammatory reaction in the detached or undetached vascular endothelial cells attacked by S100A12, and this inflammation might last for over 2 months or even longer. Foell et al. (16) and Ye et al. (17) showed that the level of S100A12 decreased significantly after IVIG treatment, but Ye et al. measured the level of S100A12 in neutrophils while Foell et al. evaluated the S100A12 concentration in plasma, both of which are different from the measurement of CECs-S100A12/CECs and FI-S100A12-CECs in this study. Our study demonstrates that S100A12 protein has strong ability to stick to the detached CECs in patients with SA-KD and C-KD, and it may be involved in the process of CECs damage, break, elimination, and apoptosis. IVIG therapy cannot improve inflammatory reaction caused by S100A12 protein in detached endothelial cells. S100A12 protein in peripheral blood is actively secreted by neutrophils, which cannot represent the level of S100A12 protein on CECs. The values of S100A12 protein in peripheral blood and on CECs have different meanings in patients with KD. The elevated level of S100A12 in peripheral blood signifies the level of inflammatory reaction in patients with KD. After IVIG treatment, the decreased expression of S100A12 in neutrophils or peripheral blood partly reduces the attack of endothelial cells caused by S100A12. However, IVIG therapy cannot completely suppress the inflammatory reaction caused by S100A12 protein on the endothelial cells, which is likely to clarify the mechanism that the CAL can be progressive when the inflammation index has returned to normal levels in some patients with KD.
